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(54) Carbon dioxide recovery at high pressure 



(57) Disclosed is process for recovering carbon di- 
oxide, comprising (A) providing a gaseous feed stream 
comprising carbon dioxide, wherein the pressure of said 
feed stream is up to 30 psia; (B) preferentially absorbing 
carbon dioxide from said feed stream into a liquid ab- 
sorbent fluid to form a carbon dioxide enriched liquid ab- 
sorbent stream; (C) in any sequence or simultaneously, 
pressurizing said carbon dioxide enriched liquid absorb- 
ent stream to a pressure sufficient to enable the stream 
to reach the top of the stripper at a pressure of 35 psia 



or greater and heating the carbon dioxide enriched liq- 
uid absorbent stream to obtain a heated carbon dioxide 
enriched liquid absorbent stream; and (D) stripping car- 
bon dioxide from said carbon dioxide enriched liquid ab- 
sorbent stream in a stripper operating at a pressure of 
35 psia or greater and recovering from said stripper a 
gaseous carbon dioxide product stream having a pres- 
sure of 35 psia or greater. 

In another aspect of this process, the stripped liquid 
absorbent fluid from the stripper is recycled to step (B). 
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Description 

Field of the invention 

[0001 ] The present invention relates to the recovery 
of carbon dioxide from gaseous streams containing it. 

Bacl<ground of the Invention 

[0002] Conventionally, merchant liquid COg is pro- 
duced from feed streams with high CO2 content (> 95%) 
using distillation technology. Examples of such sources 
include ammonia and hydrogen plant off-gases, fermen- 
tation sources and naturally-occurring gases In COg- 
rich wells. Typically, liquid CO2 is produced at a central 
plant and then transported to users that could be hun- 
dreds of miles away; thereby incurring high transporta- 
tion costs. The lack of high quality sources and their dis- 
tance from customers provides motivation to recover 
CO2 from low concentration sources, which are gener- 
ally available closer to customer sites. Predominant ex- 
amples of such sources are flue gases, which typically 
contain 3- 30% COg depending upon the fuel and ex- 
cess air used for combustion. 

[0003] To produce merchant liquid CO2 from such 
sources, the CO2 concentration in the feed gas needs 
to be first upgraded significantly and then sent to a dis- 
tillation unit. A variety of technologies, including mem- 
branes, adsorptive separation (e.g. pressure swing ad- 
sorption ("PSA"), vacuum pressure swing adsorption 
("VPSA") and temperature swing adsorption ("TSA")), 
physical absorption and chemical absorption, can be 
used for upgrading the COg purity. The economics (cap- 
ital and operating costs) of the overall scheme depends 
upon the purity of the feed, the product purity specifica- 
tions and recovery obtained. For membranes, adsorp- 
tive separations and physical absorption , the cost to ob- 
tain a given high product purity Is a strong function of 
the feed purity. On the other hand, chemical absorption 
provides a convenient means of directly obtaining high 
purity (>95%) COg vapor in a single step because the 
costs of this technology are relatively insensitive to the 
feed CO2 content. This vapor can be used as is for ap- 
plications at the site of COg separation or further com- 
pressed for downstream recovery, as merchant liquid 
CO2, or for disposal/sequestration. 

Chemical absorption can be performed through 
the use of alkanolamines as well as carbonate salts 
such as hot potassium carbonate. However, when using 
carbonate salts, It Is necessary for the partial pressure 
of CO2 to be at least 15 psia to have any significant re- 
covery. Since flue gases are typically available at atmos- 
pheric pressure, use of chemical absorption with car- 
bonate salts would require compression of the feed gas. 
This is highly wasteful because of the significant energy 
expended in compressing the nitrogen. On the other 
hand, there exist alkanolamines that can provide ade- 
quate recovery levels of CO2 from lean sources at at- 



mospheric pressure. Thus for recovery of high purity 
{>95%) CO2 vapor from sources such as flue gases, 
chemical absorption with alkanolamines would be the 
preferred choice. The pressure of C02-rich vapor recov- 

5 ered from such an absorption process is generally 
around 1 5 - 30 psia. Compression of the gas will typically 
be needed for further use, processing or disposal. 

Historically, alkanolamines have found wide- 
spread use for CO2 absorption in processes such as 

10 natural gas purification and hydrogen production. As the 
literature indicates (Kohl and Nielsen, "Gas Purifica- 
tion", 5*^ Edition (1997), pp.1 15-11 7. 123-125,144-149). 
the feed gas is typically In excess of 200 psia and CO2- 
rich vapor is typically obtained at pressures of 15 - 30 

15 psia. U. S. Patent 5,853,680 discloses a process forthe 
removal of carbon dioxide from high pressure (> 425 
psia) natural gas. There is no pumping of the C02-rich 
alkanolamlne liquid. By carrying out the regeneration 
step without significant depressurization, the disclosed 

20 process facilitates recovery of a C02-rich vapor stream 
at pressures of 140 psia or higher. 
[0004] However, there still exists a need for a more 
efficient process that can directly recover high pressure 
carbon dioxide from low pressure source streams. 

25 

Brief Summary of the Invention 

[0005] One aspect of the present Invention is a proc- 
ess for recovering carbon dioxide, comprising (A) pro- 
30 viding a gaseous feed stream comprising carbon diox- 
ide, wherein the pressure of said feed stream is up to 
30 psia; (B) preferentially absorbing carbon dioxide from 
said feed stream into a liquid absorbent fluid comprising 
an organic amine absorbent to form a carbon dioxide 
35 enriched liquid absorbent stream; (C) in any sequence 
or simultaneously, pressurizing said carbon dioxide en- 
riched liquid absorbent stream to a pressure sufficient 
to enable the stream to reach the top of the stripper in 
step (D) at a pressure of 35 psia or greater, and heating 
40 the carbon dioxide enriched liquid absorbent stream to 
obtain a heated carbon dioxide enriched liquid absorb- 
ent stream; and (D) stripping carbon dioxide from said 
carbon dioxide enriched liquid absorbent stream in a 
stripper operating at a pressure of 35 psia or greater and 
-^5 recovering from said stripper a gaseous carton dioxide 
product stream having a pressure of 35 psia or greater. 
In some preferred embodiments, the pressure in the 
stripper, and the pressure of the gaseous carbon dioxide 
product stream, are up to 70 psia. 
50 In other aspects of this process, the stripped liquid 

absorbent fluid from the stripper is recycled to step (B). 

Brief Description of the Drawing 

55 [0006] Figure 1 is a flowsheet showing an embodi- 
ment of the present invention. 
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Detailed Description of the Invention 

[0007] The following description refers to Figure 1 
which depicts a flowsheet of an improved alkanolamine- 
based absorption process of the present invention for 
the recovery of COg at high pressure from a low pres- 
sure stream such as flue gas. Variations in the flowsheet 
and equipment used are possible. Further, the temper- 
ature and pressure values included in the following de- 
scription are simply indicative of typical operating con- 
ditions. 

[0008] Gaseous feed stream 1 comprises a stream 
containing carbon dioxide. Typically feed stream 1 also 
contains nitrogen and oxygen. The carbon dioxide con- 
tent is generally up to 30% (all percentages herein being 
volume percents unless stated otherwise) and is typi- 
cally 3 to 30 vol.%, which is typical of flue gas. Feed 
stream 1 has usually been suitably cooled, and pretreat- 
ed for removal of particulates and impurities such as 
SOx and NOx. Feed stream is fed to blower 2 which di- 
rects it through line 3 to absorber 4 where the feed 
stream is contacted (preferably, countercurrently) with 
a liquid absortent fluid for the carbon dioxide. 
[0009] The liquid absorbent fluid is preferably a solu- 
tion or dispersion, typically in water, of one or more ab- 
sorbent compounds, that is, compounds which in water 
create an absorbent fluid that compared to water alone 
increases the ability of the fluid to preferentially remove 
carbon dioxide from the feed stream. Examples of such 
compounds are well known in this art and can readily 
be ascertained by the practitioner. Preferred for use are 
organic amine absorbents, and more preferably one or 
more alkanolamines. Organic amines can be classified 
into primary (monosubstituted with a group other than 
hydrogen), secondary (disubstituted with groups other 
than hydrogen) and tertiary (trisubstituted with groups 
other than hydrogen) amines. Useful alkanolamines in- 
clude amines substituted with one, two or three groups 
each of which is alkanol containing 1 , 2, 3, 4, 5 or 6 car- 
bon atoms, wherein the amine is otherwise substituted 
with hydrogen or with alkyi containing 1 , 2, 3, 4, 5 or 6 
carbon atoms. Useful organic amines other than al- 
kanolamines Include (1) amines substituted with one, 
two or three alkyI groups each containing 1 , 2. 3, 4, 5 or 
6 carbon atoms which amines are otherwise substituted 
with hydrogen; (2) cyclic amines containing one or two 
nitrogen atoms and a total of 5, 6, 7 or 8 carbon and 
nitrogen atoms; and (3) diamines containing two nitro- 
gen atoms and 2 through 8 carbon atoms (including di- 
amines wherein each nitrogen is primary, secondary or 
tertiary). Specific examples of useful alkanolamines in- 
clude monoethanolamine (primary), diethanolamine 
(secondary) and methyldiethanolamine (tertiary). Ex- 
amples of useful organic amines include piperazine and 
pyrrolidine. 

[001 0] The absorber can be of any construction typi- 
cal for providing gas-liquid contact and absorption. The 
temperature in the absorber can typically vary from 



around 40 - 45°C at the top to around 50 - 60*^0 at the 
bottom. The absorber can operate at slightly above am- 
bient pressure. A mist eliminator at the top of the ab- 
sorber traps any entrained amine in the absorber vent 

5 gas 5, which often is essentially enriched nitrogen. CO2 
from the feed gas is preferentially absorbed by the ab- 
sorbent (i.e.. the percentage of the carbon dioxide in the 
feed gas that is absorbed is greater than the percentage 
of other gases present in the feed gas), producing a 

10 C02-en riched liquid absorbent stream 7 which emerges 
from the bottom of the absorber 4 and is fed to the rich 
solvent pump 8. 

[0011] Pump 8 compresses the carbon dioxide en- 
riched liquid absoriDent stream to a pressure which is 

*5 sufficient to enable the stream to reach the top of strip- 
per 1 2 at a pressure of 35 psia or greater. The COg-rich 
stream in line 9 is then heated In a countercurrent heat 
exchanger 10 by the hot regenerated or lean absorbent 
stream 29 to a temperature of 100 - 110**C and is sub- 

20 sequently fed via line 11 to the top of the stripper 12. 
Alternatively, this stream can be heated before it is com- 
pressed in pump 8. 

[0012] Stripper 12 is a pressurized unit in which car- 
bon dioxide is recovered from the carbon dioxide en- 
25 riched liquid absorbent stream. In the process of the 
present invention, the pressures in the reboiler and in 
the stripper column are maintained at values of around 
35 psia or more. This would render the carbon dioxide 
product at a con-esponding pressure of around 35 psia 
30 or more. One preferred mode for practice of the present 
invention is to use an absorbent comprising monoeth- 
anolamine and to maintain the pressure in the stripper 
and reboiler in the range of 40 to 55 psia. Correspond- 
ingly, pump 8 would need to pressurize the cariDon di- 
35 oxide enriched absorbent stream to a pressure high 
enough for it to reach the top of the stripper at a pressure 
of 40 to 55 psia. Also cariDon dioxide product recovered 
in this process will have a pressure of around 40 to 55 
psia. 

40 Higher pressures in the reboiler would corre- 

spondingly increase the reboiler temperature. However, 
care should be taken to ensure that the temperature 
does not exceed much beyond 140**C, since higher tem- 
peratures would accelerate themnal degradation of the 
45 absoriaent, the products of which can eventually cause 
significant corrosion of the equipment and overall dete- 
rioration in process performance. For example, typical 
alkanolamines such as monoethanolamine and methyl- 
diethanolamine are known to degrade much faster at the 
50 higher temperatures. The temperature at the top of the 
stripper is typically between 100 and IIO^'C while the 
bottom can be as high as 119 - 135°C. Chemical inhib- 
itors could be used to reduce the rate of degradation. 
The optimal pressure in the stripper/reboiler and conse- 
55 quently the pressure at which CO2 is recovered will be 
determined by the following factors - 1 ) reboiler heat du- 
ty, 2) downstream compression requirements, and 3) 
corrosion behavior at the higher temperatures. 
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The heated carbon dioxide enriched absorbent 
stream in line 11 passes into the upper portion of strip- 
ping column 1 2, which is operating at a temperature typ- 
ically within the range of from 1 00 to 11 0°C at the top of 
the column andatatemperaturewithintherange of from 5 
119 to 135°C at the bottom of the column. As the ab- 
sorbent flows down through stripping column 1 2, carbon 
dioxide within the absorbent is stripped into upflowing 
vapor, which is generally steam, to produce carbon di- 
oxide rich top vapor 1 3 and carbon dioxide lean absorb- io 
ent 20. Stream 13 is passed through reflux condenser 
47 wherein it is partially condensed. Resulting two 
phase stream 1 4 is fed to reflux drum 1 5 where the prod- 
uct CO2 stream 16 is separated from the condensate 
17. The reflux pump 18 pumps the condensate, which is 
primarily consists of absorbent (e.g. alkanolamine) and 
water, to the stripper 1 2. The solvent 20 from the bottom 
of the stripper 12 is heated indirectly in the reboiler 21 , 
which typically operates at a temperature of around 1 1 9 
- 135°C. Saturated steam 48 at a pressure of 30 psig or 20 
higher can provide the necessary heating. The heated 
solvent vapor 22, which is primarily steam, is recirculat- 
ed to the stripper. 

The stripped carbon dioxide-lean absorbent solu- 
tion 23 from the reboiler is pumped back by the lean sol- 25 
vent pump 35 to the heat exchanger 1 0. A small portion 
of the stream 23 is withdrawn as stream 24 and fed to 
a reclaimer 25, where the solution is vaporized. Addition 
of soda ash or caustic soda to the reclaimer facilitates 
precipitation of the degradation byproducts and heat 30 
stable amine salts. Stream 27 represents the disposal 
of the degradation byproducts and heat stable amine 
salts. The vaporized amine solution 26 can be reintro- 
duced into the stripper as shown in Figure 1 . It can also 
be cooled and directly mixed with the lean stream 6 en- 35 
tering the top of the absorber. Also, instead of the re- 
claimer shown in Figure 1, other purification methods 
such as ion-exchange or electrodialysis could also be 
employed. 

Makeup amine 33 is pumped by pump 32 from 
storage tank 30 and combined with the lean stream 34, 
which exits the heat exchanger 10 at a temperature of 
around 65 - 75°C, to form stream 36, which is further 
cooled in cooler 37 to around 40°C. From the cooled 
lean stream 38, a small portion is withdrawn and purified 45 
(removal of impurities, solids, degradation byproducts 
and heat stable amine salts) through the use of mechan- 
ical filters 41 and 45 as well as a carbon bed filter 43. 
The purified lean stream 46 is added to stream 38 to 
form stream 6 that is fed to the top of the absorption so 
column 4. 

CO2 recovered from flue gas or other feed streams 
using the above process can be directly used as vapor 
for onslte applications. Several CO2 applications such 
as pH control of wastewater can use COg vapor directly ss 
from the absorption process. However the COg vapor 
would generally need to be delivered at pressures of 
around 35 psia or more for use in the respective appli- 



cation. The conventional amine based chemical absorp- 
tion process typically recovers CO2 at pressures of 15 - 
25 psia, thus necessitating compression prior to the on- 
site application. However, the process described in this 
invention facilitates recovery of COg at pressures of 35 
psia or more. This eliminates the need for compression 
and results in significant capital and operating cost sav- 
ings. 

[0013] Alternatively, the C02 recovered from flue gas 
or other feed streams using the chemical absorption 
process may need to be compressed for downstream 
recovery or sequestration. Merchant liquid COg is typi- 
cally obtained by compression of the COg rich vapor 
stream to pressures of around 300 psia, purification and 
distillation. Typically the required compression is ac- 
complished in two stages. Recovering COg at pressures 
in excess of 35 psia with the present invention, instead 
of 15 - 25 psia, will reduce the compression costs. In 
some cases, the first stage of compression in the COg 
production plant could be eliminated. For sequestration, 
CO2 would need to be compressed to pressures of 
around 1500 psia or higher. By providing the COg at a 
higher pressure using the present Invention, e.g. at 50 
psia instead of 20 psia, the net compression ratio reduc- 
es from 75 to 30. This correspondingly translates into a 
reduction in the number of stages of compression, thus 
decreasing compression costs as well as the overall 
cost to sequester COg from flue gases. 
[0014] This invention is superior to prior recovery 
processes for several reasons: 
[001 5] Earlier processes for recovery of CO2 from flue 
gas yield a COa-rich vapor at 15 - 25 psia. This CO2 
vapor would need to be compressed prior to further use 
or disposal. For example, the CO2 vapor would need to 
be compressed to -300 psia if it is to be used as feed 
to the standard CO2 plant for production of merchant 
liquid CO2. Compression from around 15 psia to 300 
psia is typically achieved in two stages. Another In- 
stance could involve the direct use of COg vapor at a 
slightly elevated pressure (-30 - 65 psia), as is the case 
for some onsite applications. By contrast, the high pres- 
sure CO2 recovery scheme, presented In this invention, 
facilitates recovery of CO2 at pressures in excess of 35 
psia. Thus, if the COg vapor needs to be compressed to 
-300 psia, a single stage of compression would poten- 
tially suffice as compared to two for the base absorption 
process. For cases where COg vapor is required at pres- 
sures of around 35 psia or higher, this new absorption 
process allows direct recovery of C02 at the required 
pressure, thus eliminating the need for any further com- 
pression. Finally, for sequestration applications COg 
would typically need to be compressed to pressures of 
the order of 1500 psia or higher. Recovering COg at 
pressures of 35 psia or higher as opposed to 15 - 25 
psia would reduce the downstream compression costs 
through a decrease in the number of compression stag- 
es and In the energy consumption. Consequently the 
overall cost of sequestering COg from flue gas is re- 
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duced. 

[0016] The process described in U. S. Patent 
5,853,680 recovers C02-rich vapor at pressures of 
around 1 40 psia. However, the feed streams to the proc- 
ess are at much higher pressures, e.g. the natural gas 
feed in the described patent is at a pressure of 425 psia 
or higher. There Is no pumping of the COg-rich absorb- 
ent liquid. Also, the stripper operating pressure is signif- 
icantly less than the operating pressure in the absorber. 
By contrast, the process of the present invention essen- 
tially works as a C02-recovery and compression unit. 
The absorbent liquid selectively absorbs COg from a 
stream at a low pressure (^14.7 psia). The absorber 
typically operates at a pressure of around 15 psia. The 
C02-rich absorbent solution Is then pumped to pres- 
sures of 35 psia or higher. Stripping at an elevated pres- 
sure facilitates recovery of COg-rich vapor at a corre- 
spondingly high pressure of about 35 psia or higher. Al- 
so, the stripper operating pressure is greater than the 
operating pressure of the absorber in this process. 
[0017] Operating the stripping section at higher pres- 
sures enables recovery of COg-rlch vapor at pressures 
of around 35 psia or greater, thereby reducing or elimi- 
nating downstream compression costs. While it is also 
necessary to pump the C02-rich alkanolamine liquid in 
pump 8 to higher pressures to match the new operating 
pressure of the stripper, the incremental energy require- 
ments for pumping the COg-rich absorbent liquid are 
much less than compressing CO2 vapor, thereby pro- 
viding a net advantage for production of higher pressure 
enriched CO2 vapor. 



ecus carbon dioxide product stream having a 
pressure of 35 psia or greater. 

2. A process according to claim 1 further comprising 
5 recovering stripped liquid absorbent fluid from the 

stripper in step (D) and recycling said fluid to step 
(B). 

3. A process according to claim 1 wherein the gaseous 
10 feed stream has a carbon dioxide content of less 

than 30 vol.%. 

4. A process according to claim 1 wherein said liquid 
absorbent fluid comprises monoethanolamine. 

15 

5. A process according to claim 4 wherein the carbon 
dioxide enriched liquid absorbent stream in step (C) 
is pressurized sufficiently so as to reach the top of 
the stripper at a pressure of 40 to 55 psia and the 

20 stripper in step (E) operates at a pressure between 
40 and 55 psia. 

6. A process according to claim 2 wherein said carbon 
dioxide enriched liquid absorbent stream formed in 

25 step (B) is heated by heat exchange in step (D) with 
said stripped liquid absorbent fluid before said car- 
bon-dioxide-enriched liquid absorbent stream is fed 
to step (E). 



Claims 

35 

1. A process for recovering carbon dioxide, compris- 
ing 

(A) providing a gaseous feed stream compris- 
ing carbon dioxide, wherein the pressure of 40 
said feed stream is up to 30 psia; 

(B) preferentially absorbing carbon dioxide 
from said feed stream Into a liquid absorbent 
fluid comprising an organic amine absorbent to 
fomn a carbon dioxide enriched liquid absorbent ^5 
stream; 

(C) in any sequence or simultaneously, pressu- 
rizing said carbon dioxide enriched liquid ab- 
sorbent stream to a pressure sufficient to ena- 
ble the stream to reach the top of the stripper so 
in step (D) at a pressure of 35 psia or greater 
and heating the carbon dioxide enriched liquid 
absorbent stream to obtain a heated carbon di- 
oxide enriched liquid absorbent stream; and 

(D) stripping carbon dioxide from said carbon 55 
dioxide enriched liquid absorbent stream in a 
stripper operating at a pressure of 35 psia or 
greater and recovering from said stripper a gas- 
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